Aim: This study aimed to measure the effect of color stability of tested adhesive resin cements on the final color of cemented ceramic veneers, as well as the effect of different thicknesses of ceramic veneers on their final colors. Materials and Methods: A total of twenty-four disc-shaped resin cement specimens were prepared {12 disks/type of cement; the light-cured NX3 (LC) and the dual-cured NX3 (DC)}. The samples were immersed in water and coffee solutions for 7, 14 days. Forty-eight rectangular-shaped laminate veneers samples were cut from IPS e.max CAD ceramic blocks (24 samples of 0.4mm thickness and 24 samples of 0.6mm thickness; where 12 samples of each thickness were cemented by light cured resin cement (NX3), and the other 12 samples were cemented by dual cured resin cement (NX3); 6 out of 12 samples were either immersed in coffee solution or immersed in water. The samples were cemented on a Delrin background material. All the samples were examined by a spectrophotometer (VITA Easy shade) before and after immersion in the solutions. Results: The ΔE values of dual-cured resin cement disks were higher than those of light cured types. Also, differences were found in ΔE of the final shade of ceramic veneer when cemented by light cured and dual cured resin cements. Furthermore, there were differences in ΔE of the final shade when using different ceramic laminate veneers thicknesses. Conclusions: The ΔE of the final shade of ceramic veneer was affected by the type of the resin cement used as well as the thickness of ceramic laminate veneer.
Introduction
In a search for more durable conservative esthetics, porcelain veneers have been introduced during the last decade. Especially, glazed porcelain veneers were proposed as durable anterior restorations with superior esthetics (1) . Esthetics of dental veneers is among significant factors affecting the success of such restorations. Although color may play a less important role in clinical success of dental restorations, its psychological esthetic impact may itself. play a decisive role in an overall acceptance by the patient (1) . Therefore, color is one of the most important determinants of esthetics (2) . The shade of ceramic laminate veneer restoration is clinically not only determined by the color of ceramic itself, but also by several other factors including the ceramic thickness, along with the color stability of the luting cement which may affect its long term esthetic (3) .
Materials and Methods
Specimen preparation of resin cement disks: A total of twenty-four disc-shaped resin cement specimens were prepared. These were divided into twelve disks (1 ± 0.2 mm thick, 15 ± 0.2 mm diameter) from each type of cement; the lightcured NX3 (LC) and the dual-cured NX3 (DC) ( Figure 1 ). Specimen preparation of cemented ceramic laminate veneers: IPS e.max CAD ceramic blocks were cut with a microsaw into forty-eight rectangularshaped laminate veneers (18mm width x 16mm height). Twenty-four of the samples were sliced into 0.4mm thickness and the other twenty-four samples were sliced into 0.6mm thickness. All samples were fired at 850ᵒC to complete the crystallization process of the partiallycrystalized glass ceramic. Afterwards, the samples' external surfaces were glazed (IPS e.max glaze, Ivoclar Vivadent) to obtain a smooth surface ( Figure  2 ). The inner surface of the ceramic ve-neer was etched with hydrofluoric acid (HF 5%) for 20 s. Then, the silane coupling agent was applied to the etched surface. White-colored, durable and color stable Delrin material (Acetal polyoxymethylene) was chosen as a bakground material (disks of 3mm thickness and 20mm diameter). A specially constructed split teflon mold was constructed to ensure cement thickness of 0.1 mm for all specimens (Figure 3 ). During sample preparation, background disks were first inserted into the teflon molds, and the Optibond Solo Plus bonding agent was applied to the background material following manufacturer's instructions. The resin cements were either directly applied from the syringe (LC) or were mixed according to the manufacturer's instructions on a separate mixing pad (DC), and applied into the mold over a Delrin background disk using a plastic instrument. Afterwards, the ceramic veneer was inserted into the mold above the resin cement, to be covered with a glass slab. A load of 0.75 kg was applied for 30 s on the upper glass slab surface, maintaining a tight contact to the cement, to assure even spread of the cement. After curing the samples, they were removed by dismantling the mold, to immerse them in the planned storage media, namely coffee and water solutions for a period of 7, 14 days ( Figure 4 ) 
Color change test measurements:
Color evaluation was performed using a color spectrophotometer (Vita Easyshade; United States). Color measurement for the specimens was performed before immersion in the solutions, and after 7 and 14 days storage period. The color difference (ΔE) was measured by calculating the color difference of each specimen before and after immersion in the solutions according to the following equation (4) :
(∆E) was calculated based on the CIE L*a*b* system, where L* represents to the brightness, a* for redness to greenness, and b* for yellowness to blueness. The subscripts 1 and 2 repre-sent the color coordinates prior and after immersion, respectively. The results were tabulated and statistically analyzed.
Results
Color change of resin cements disks (ΔE): After immersion in coffee solution, dual-cured resin disks showed significantly higher mean ΔE values compared to those of light-cured types for both one and two week periods. However, there were no significant difference in ΔE values for both types of resin disks after immersion in water for both one and two weeks immersion periods (table 1) . (Table 3 ). 
Discussion
Discoloration of adhesive resin cements influences badly the esthetic appearance of ceramic restorations.
Marginal discoloration of ceramic ve-neers, inlays and onlays rises with time, owing to the color differences in adhesive resin cements. Consequently, these cements necessitate sufficient color stability in order to maintain good esthetics (6) . In general, the ΔE of the ceramic veneers cemented with dual-cured resin cements showed higher color change than those cemented with light-cured cements. This may be due to the greater ΔE color change of the underlying dual-cured resin cement itself, compared to that of the light-cured type. The color difference between both underlying cements may be due to compositional differences between the materials, as well as the method of cement application. As the dual cured resin cement was hand mixed, which leaded to more incorporation of voids and thus inadequate polymerization which made the cement more prone to discoloration compared to the light-cured resin cement which was directly applied as a single paste material into the mold. The thickness of a ceramic can impact the final overall shade of ceramic veneers (7) . In the present study, the color change values (ΔE) obtained for the ceramic veneers cemented by two different resin cements, were higher for the thinner (0.4mm) than for the higher (0.6mm) ceramic thicknesses for the same cement. This may be due to the fact that thicker ceramics demonstrate less translucency, as they masking the underlying discolored resin cement (8) .
Conclusions
The study concludes that: i) Dual-cured resin cements showed greater color change than light-cured types. ii) Thicker ceramic laminate veneers partially masked the color change of the underlying cement.
